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Cryo EM Study of Protein Complexes Bound to Streptavidin Crystal
Layers
Bong-Gyoon Han1, Ross W. Walton1, Amos Song2, Peter Hwu2,
Robert M. Glaeser1.
1LBNL, Berkeley, CA, USA, 2U.C.Berkeley, Berkeley, CA, USA.
Conventional cryo-EM specimens use either continuous or holey, glow-
discharge treated carbon films to prepare samples. As a result, particles are
either immobilized by binding to an unnatural (i.e. carbon-film) surface, or
they collide multiple times (due to rapid diffusion) with the freshly blotted
air-water interface. In either case there is a risk that considerable structural het-
erogeneity may occur, or even that particles may undergo severe denaturation.
Binding biotinylated particles to streptavidin monolayer crystals is a more
structure-friendly way to immobilize particles. We have developed a protocol
for preparing biotinylated protein complexes and tethering them to the surface
of streptavidin monolayer-crystals. Three different multi-protein complexes
have been used to demonstrate the generality of this method. The biotinylated
protein complexes bind to the streptavidin crystal layer with high affinity,
whereas the unbiotinylated control samples do not do so. In addition, the
same technique can be used to produce a uniform distribution of Euler angles.
The thermosomes, known to adopt a preferred orientation with other methods
of cryo-EM specimen preparation, have been used as a test sample. Indeed, the
results confirm that a uniform distribution of Euler angles is obtained for the
biotinylated thermosome. We thus conclude that biotinylation, together with
binding to 2-D crystals of streptavidin, is a better method to prepare protein
complexes for cryo-EM study.
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Three Dimensional Imaging of Maurer’s Clefts in ‘‘Unroofed’’
Plasmodium Falciparum-Infected Erythrocytes by Transmission Electron
Microscopy
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Hiroyuki Matsuoka1, Thomas E. Wellems2.
1Lab of Medical Zoology and Parasitology, Depart of Infection and
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Vector Research, National Institute of Allergy and Infectious Diseases, NIH,
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Plasmodium falciparum human malaria parasites establish unique membrane
systems in the cytoplasm of their host erythrocytes. These systems include
Maurer’s Clefts (MCs), which are evident as small membranous structures
in host erythrocyte periphery and are thought to support the trafficking of
P. falciparum proteins to the host cell surface. Three-dimensional structures
of MCs and their tethering to the host erythrocyte membrane have been
reported from reconstructions of transmission electron microscopy (TEM)
and fluorescence images (Hanssen et al. Mol. Microbiol. 2008 Feb;67(4):
703–18.). To examine the structure of MCs and their proximal interactions in
host erythrocytes, we have used an unroofing/rip-off method to expose the in-
tracellular contents of parasitized erythrocytes and collect structural informa-
tion by TEM. MCs in the unroofed TEM images range in dimension from
200 nm to 700 nm and have easily-resolved tethers that are 170 nm to 450
nm in length. These tethers are present in networks that connect the MCs to
the skeleton of the host erythrocyte membrane.
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Measuring Membrane Potentials with Cryo-EM?
Yi Chen1, Hideki Shigematsu1,2, Kuniaki Nagayama2, Fred J. Sigworth1.
1Yale University, Department of Cellular and Molecular Physiology,
New Haven, CT, USA, 2National Institute for Physiological Sciences,
Okazaki, Japan.
In materials science it is well known that electrostatic potentials produce phase-
shifts of electron waves which are detectable in phase-contrast electron micro-
scopy. The question arises, are membrane potentials preserved during rapid
freezing and cryo-EM imaging of liposomes? Imaged with 200 keV electrons,
a 200mVmembranepotential in a 30nm liposome is expected to produce a phase
shift of about 50 mrad, resulting in approx. 10% change in image intensity. (The
maximum phase shift due to the liposome membrane alone is about 200 mrad.)
Calculations showed that phase-plate imaging would be necessary to detect the
signal.We used a JEOL JEM2200FSmicroscope equippedwith a Zernike phase
plate having a cut-on frequency of approximately 1/100 nm. Liposomes with or
without added valinomycin were adhered to a carbon film and then washed
a buffer to create a 350:1 Kþ gradient, either inwardly or outwardly directed.
In liposomes in the 20-30 nm size range we observed a contrast difference rela-tive to the no-valinomycin controls as expected frompositive and negativemem-
brane potentials ~100 mV in size. Thus the diffusion potential set up by a Kþ
gradient appears to remain throughout the freezing and imaging process.
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Molecular Architecture of OPA1, the Dynamin-Related GTPase Involved
in Mitochondrial Fusion
Jurgen Heymann, Aurora Fontainhas, Shunming Fang, Jenny E. Hinshaw.
NIH-NIDDK-LCBB, Bethesda, MD, USA.
Mitochondria are dynamic organelles that constantly undergo fusion and fission
events. Four dynamin-related GTPases have been shown to facilitate mitochon-
drial dynamics. One of them, OPA1, mediates mitochondrial inner membrane
fusion. Mutations in OPA1 have been linked to severe disease phenotypes char-
acterized by progressive degeneration of the retinal ganglion cells, thus leading
to blindness. OPA1 is a nuclear encoded protein that is inserted into the inner
mitochondrial membrane through an N terminal transmembrane domain. There
it undergoes proteolytic processing yielding a long, membrane-bound (OPA1)
and a short, diffusible form (OPA1s). Fusion of the inner mitochondrial mem-
brane requires both forms of OPA1, and the ability of OPA1 to bind and hydro-
lyze GTP. In previous structural studies, we have shown that recombinant
OPA1s binds to lipid preparations with a composition similar to that of the in-
ner mitochondrial membrane (Ban et al., 2010). Our findings indicated that the
interaction of OPA1s with suitable membranes stimulates oligomerization and
self-assembly. Using cryo-electron microscopy, we have visualized and ana-
lyzed the topological arrangement of OPA1 on these tubules and showed that
the protein wraps around the perimeter of these tubes in a helical fashion.
Interestingly, the protein formed a two-dimensional lattice on the lipid bilayer
indicating that specific intermolecular interactions are at play. We are now
investigating the molecular architecture of such OPA1-lipid assemblies using
biochemical and high-resolution electron microscopy (EM) methods. Here,
we report on strategies employed to generate substrates suitable for EM anal-
ysis and on our current insights into the properties and architecture of OPA1
assemblies.
Reference:
Ban, T., Heymann, J. A., Song, Z., Hinshaw, J. E., Chan, D. C.: OPA1 disease
alleles causing dominant optic atrophy have defects in cardiolipin-stimulated
GTP hydrolysis and membrane tubulation. Hum. Mol. Genet. 2010, 19:
2113-22.Molecular Dynamics I
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Membrane proteins (MPs) are amphiphilic in nature. As such, to be manipu-
lated and studied in aqueous solution and to remain biologically active, MPs
need to be transferred in a suitable membrane-mimicking environment such
as detergent solutions. Unfortunately, there is no systematic way of identifying
the ideal detergent for any given MP, as empirical criterions are often used in
this undertaking. Thus, a better knowledge of the interactions between MPs and
detergents at the molecular level could improve this situation. Following this
approach, our work has focused on the molecular dynamics (MD) simulations
of MPs in detergent solutions. In contrast to others FFs (such as CHARMM or
GROMOS), AMBER does not provide specific parameter/FF library set for
detergents. Consequently, studying MPs by MD with the AMBER FF is not
straightforward. In this context, we have developed using R.E.D. Server a com-
plex FF Topology DataBase (FFTopDB) (i.e. RESP partial charges embedded
in a large set of FF libraries) for an ensemble of ionic and non-ionic detergents
compatible with AMBER FF (available at http://q4md-forcefieldtools.org/).
Key points of the procedure are the definition of elementary "building blocks"
with well-identified conformations as well as the derivation of reproducible
RESP charge values. The FFTopDB contains more than 75 molecular frag-
ments, which can be used to construct ~70 different detergents. The approach
has been validated by performing MD simulations on dodecylphosphocholine
(DPC) micelles with the AMBER99SB parameters and compared to results ob-
tained from CHARMM36 and GROMOS53A6 simulations. We find that this
combination of parameters reproduces accurately the micelles structural and
396a Monday, February 27, 2012dynamical properties. Furthermore, DPC micelles have been used to examine
the influence of the micellar environment on the structure and localization of
transmembrane peptides of a large MP, hMRP1.
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Probing the Role of Lipid Substitution on PolyethylenimineMediated DNA
Aggregation: An All-Atom Molecular Dynamics Study
Chongbo Sun, Tian Tang, Hasan Uludag.
University of Alberta, Edmonton, AB, Canada.
Understanding the dynamics of DNA condensation is important because of the
biological significance of DNA packaging in cell nuclei, as well as its applica-
tions in gene delivery therapy. Synthetic polycations such as polyethylenimine
(PEI) can condense DNA into nanoparticles, and have attracted much research
efforts for their applications as nonviral gene carriers. Specifically, it has been
found that hydrophobically modifying the polycations through lipid substitu-
tion can greatly improve some polycations’ efficacy as gene carriers, however,
the role of the hydrophobic modification remains to be probed. In this work, we
performed a series of all-atom molecular dynamics (MD) simulations to study
the complexation of lipid modified PEI (lmPEI) with DNA, and lmPEI medi-
ated DNA aggregation. We found that i) a significant fraction of the lipid tails
on the lmPEI stay outside of the formed lmPEI/DNA complex, which poten-
tially leads to the formation of hydrophobic nanoparticles and benefits their
translocation across the cell membrane; ii) the lipid tails from different lmPEIs
tend to associate with one another and form a lipid aggregate in the core of the
formed lmPEI-DNA aggregate, which can contribute to the formation of stable
nanoparticles. We have also calculated the DNA-DNA spacing in the formed
lmPEI/DNA aggregate. The simulations shed light on the dynamics of lmPEI
mediated DNA aggregation and serve as a model to test proposed polycation
modification schemes through computations.
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Accelerating the Rate of Convergence of Umbrella Sampling Simulations
in Lipid Bilayers
Chris Neale, Re´gis Pome`s.
University of Toronto, Toronto, ON, Canada.
All molecular dynamics simulations are susceptible to sampling errors, which
degrade the accuracy and precision of observed values. Systems containing
atomistic lipid bilayers are particularly susceptible to sampling errors because
bilayer conformational autocorrelation times can exceed hundreds of nanosec-
onds. To identify optimal methods for enhancing sampling efficiency, we quan-
titatively evaluate convergence rates using generalized ensemble sampling
algorithms in calculations of the potential of mean force for the insertion of
a side chain analog of arginine in a lipid bilayer. Umbrella sampling (US) is
used to restrain solute insertion depth along the bilayer normal, the order pa-
rameter commonly used in simulations of molecular solutes in lipid bilayers.
The rate of statistical convergence of the standard free energy of binding of
the solute to the lipid bilayer is increased three-fold when US simulations are
modified to conduct random walks along the bilayer normal using Hamiltonian
exchange algorithms. We introduce a new metric, computed from simulations
conducting random walks along the bilayer normal, to detect sampling barriers
in degrees of freedom orthogonal to the US order parameter, which often result
in systematic sampling errors but usually remain hidden. This new metric is
used to evaluate the height of hidden free energy barriers in order to identify
solute insertion depths which are prone to systematic sampling errors. Accord-
ingly, we demonstrate that applying random walks in temperature at these se-
lected insertion depths leads to further increases in the rate of convergence of
the binding free energy. Finally, we apply an enhanced US protocol combining
random walks in insertion depth and in temperature to quantify the influence of
embedded arginine on lipid flip-flop and on the formation of transient water
pores, effects that are likely to contribute to the activity of arginine-rich antimi-
crobial peptides.
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A Nano-Scavenger in Action: The Molecular Mechanism of Membrane
Cholesterol Extraction by Cyclodextrins
Cesar A. Lopez, Alex H. de Vries, Siewert Jan Marrink.
Groningen university, Groningen, Netherlands.
Cholesterol concentration balance in biological membranes is of vital impor-
tance for the regulation of several critical processes (e.g. domain formation,
membrane protein activity, signaling etc.) and tightly regulated during cell de-
velopment. Abnormal cholesterol levels may eventually lead to clinical disor-
ders like Niemann-Pick type C disease, with minimal chances of survival for
the patient.
It is well known that cyclodextrins (CDs), and especially beta-cyclodextrin, are
able to modify the cholesterol concentration in membranes; either in situ (e.g.
model membranes) or in vivo (cells). However, the molecular mechanism ofthis process is still unknown. Using molecular dynamics simulations, we
have been able to study the CD-mediated cholesterol extraction from lipid
membrane models.
CD dimers strongly bind to membranes (free energy of adsorption ~ 35 kJ
mol1); however, only the extraction of cholesterol by a dimer from the
cholesterol-poor Liquid disordered (ld) region is a favorable process (40 kJ
mol1). We suggest
that the continued
extraction of choles-
terol from the ld
region eventually
destabilizes the do-
main separation.
With a clearer un-
derstanding of the
basic molecular mech-
anism, we can begin
to rationalize the
design of more effi-
cient CDs in numer-
ous applications.
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PMF Analysis for Interaction of Two Different Three Fingered Proteins
and Lipid Bilayer: Molecular Dynamics Study
Negin Maftouni1, Manuel Nuno Melo2, Seiwert J. Marrink2.
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Groningen, Groningen, Netherlands.
One of interesting phenomena in the world of proteins and alive cell’s lipid
membrane interactions is interaction of a group of small three fingered proteins
from cobra venom, called cytotoxins, and lipid bilayers. In this work two dif-
ferent cytotoxins are selected to be studied: cytotoxin a3 and cytotoxin a4. Sys-
tem including one protein, water, lipid bilayer and ions has been simulated with
coarse grained molecular dynamics simulation. Ions are added to make whole
system neutral. Computation of potential of mean filed (PMF) has been per-
formed to find the most probable final position of cytotoxins in this interaction.
GROMACS 405 package is used to simulate the systems and MARTINI force
fields are chosen to define the forces between different particles. There are two
different coarse grained modeled to simulate water molecules: the standard
model and the polarizable model. Each coarse grained water molecule in the
standard MARTINI water has only one neutral particle but polarizable water
molecule includes three particles involving electrical charges.
The results of PMF analysis report that in both cases of MARTINI water and
polarizable water center of mass (COM) of cytotoxin a3 will be closer to center
of mass of lipid bilayer in comparison with that of cytotoxin a4. Also for each
of cytotoxins use of polarizable water model leads to less distance between
COMs of cytotoxin and lipid bilayer.
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Computer Simulations of the Interactions Between Cationic and Anionic
Lipids in Lipid Nano Particles for Drug Delivery
Elham Afshinmanesh, Svetlana Baoukina, Eduardo Mendez-Villuendas,
D. Peter Tieleman.
University of Calgary, Calgary, AB, Canada.
We used molecular dynamics simulation to investigate the structure and prop-
erties of lipid nanoparticles (LNP), with as long-term goal improving the effi-
ciency of delivery of nucleic acids in gene therapy. LNPs are synthetic vectors
with cationic nature. They are composed of a mixture of cationic lipids, fuso-
genic lipids, cholesterol and polymer-grafted lipids, and encapsulate siRNA.
The presence of ionizable cationic lipids increases the charge density of
LNPs at low pH, Cationic lipids were hypothesized to form ionic pairs with an-
ionic lipids in the acidic environment of the endosome [1]. Due to interactions
between the charges the ion pair becomes cone shaped and prone to form non-
lamellar phase [1]. This contributes to the membrane disruption and release of
nucleic acids from endosome.
In this work we focus on the details of lipid-lipid interactions in the LNP and
perform atomistic simulations of bilayers containing the cationic lipid (DLin-
KC2-DMA), anionic lipids (DSPS) and zwitterionic lipids (DSPC). The cat-
ionic lipid DLin-KC2-DMA has been shown experimentally to improve the de-
livery capacity [1]. Force field parameters for DLin-KC2-DMA lipids were
developed to reproduce thermodynamic properties, and tested to ensure com-
patibility with existing lipid parameters. The study is also important for under-
standing the mechanism of membrane breakdown upon change of pH/charge
density.
[1] Semple, S.C., et al., Rational design of cationic lipids for siRNA delivery.
Nat Biotechnol, 2010. 28(2): p. 172-6.
